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Design of Air Pressure Based Force Display
toward Untethered Human Interface

YURIKO SUZUKI," MINORU KOBAYASHIt and SATOSHI ISHIBASHIT

In order to apply VR technologies to tools for everyday life, it is necessary to develop
untethered human interface technologies that never constrain users’ activities. This paper
focuses on force feedback interface devices which have been considered to be difficult to make
untethered. To achieve this goal, we proposed the force display method that utilizes air pres-
sure to give force sensation to users. This force display does not constrain users’ activity, and
allows users move freely. This paper introduces the basic idea of the air pressure based force
display, describes the implemented system, and discusses the way of controlling air pressure

to realize the expressive force display.
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Fig.1 Aim of this research.
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Fig.2 Concept.
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Fig.3 Fluid colliding with plane.
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Fig.4 Fluid colliding with concave and convex surface.
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Fig.6 Comparison of receiver’s shapes with load.

oooooooooobbobbD e6.5emggonooOO
goooobossemb00D00O00O0O0ODOODO
uboobodoboooooooooooooboooooa
goooooboooobooboooboooooaon
gboboobobooooobooooooooobooooon
odbooooooooboboooooboooooooo
gobooobooooooooooocoooooooo
ooooobooooebObOOOODOOO
O6(a)00000000000O0LO0OOOODOO
goooboooooooboooooooboDboon
goboobooooooooooooooobooboobo
gobooobooooooooooboooboobooobD
goooboooobooobooooobooobooboaon
gooooboooobobooooooooonoooa
gbboooooooooboooooooboobooooo
oooooboobodooboooooooooooooo
ooooooooboooooo
O6(b)0000000O0O00O00OOO0OOOOO
gobooooooooooooooooboboooboon
gobooobooooooobooooooooboooDo
goobooooobooOooooooooooooo



Vol. 43 No. 12 oooooooooooboooooooooooboooooo 3647

gooooooboooooooboooobooboooooo
gobobooodoooobooooooooboobooo
goboboooooooooobooooDbo

ooooobooboooboobooboooooooobo
goobooooooooobooobobooooooon
goooooooooooooooboboobooobooo
goooboooooboboooooooboooooo
goooooooooooboooooooooooon
gboooobooobooooooooooooood
gboooooooooooooooboboobonod
gobooobooooobooooooboooooooo
gobooodoooooocoboooooooobooo
goooboooobooobooobooooooooboooo
goooobooooooboobooobooboboooboooo
gbbooooooboooooooboboooobooooo
goooobooooo0oooooooooobooooo
goooboooooooooooobooooboon
gbooooooodooooooboobooooooog
gooooboboooooboooooooooooaon
gooobooooooobooooobooboboood
doooboooooooobooooboobooooobo
gobooooooooobooooboobooooao
goooboobooooooooooooooobooo
ooooooboooooooo

oboooooooooboobocoooooooooao
goooobooobOOoooooooboooooooon
gooooooooboobooDbDOo0oObO0o0oo
goooobooooooooboooboooooooon
goooooooon

4. OOOOOO

gobooboooooooboooooooboobooon
gboooboooobooooooooboobooooooo
goooboobooooooobooooooooooon
goooooooooboooooooboboboooo
goooobobooooooboobobobooboooboo
goooboooooobooboooboooooboobo
gobooooooobooooobooboobood
gooboobobooooobooboooooooooa
goooobo20000000000000G00OO0O0
gbobodooooobooooooooobooooboaonn

oooocboooooooboooOoOoooboooo
O00oooooooooooOo«“cbooooO0roo

{RIABZE/H
BEMHEA TS b
™

B 7 s b

FREE
X
il ER l
PC RS-232C | &R

O7 DOOO0O0OD0OO
Fig.7 System configuration.
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Fig.8 System in use.
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Fig.9 Virtual and real world in use.
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Table 1  Actual impacts.
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Fig. 10 A change of impacts.
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Fig.11 Air pressure.

LR HREE Q7L —4ADMN)
47 L — LH#E(# 130msec) BIERR
FIE6I14 7 b — L% 130msec) BUELRTA T

012 000000000
Fig.12 Virtual and real world.

gooooooouoooobooooooboooobooo
gbooooooooooobobooboooooooooo
oOoooobooooocooboooooooObobooon
gooooobobi12000000000000000
oobooooobooooooooooo
0120000 n1ngogooooboooooooo
ol1l200000000000C0O0C0000C0O000
goooobboboO 13msecdn0Oooonog
gobobooboobooboobboO 130msec gy
oboooooooobOOooboooooooboocbOOoooo
goooooboooboooooo
oobooooooooooooooooooooo
goboooooooobooboooboobooooboo
ooooobooooboooooooboooboon



3650 goooooooo

54 0O0O0O0OOOO

oobooboooooooooooboooooooo
gooooobooboo oo nooooooboo
gooobooobooooobooobooooboooon
gbobooooOoooooooboobooooobooooo
goboobooboooooooooooobooobooDbobo

goooooooobooooboooboooooboboo

gooboooooooobooooooooobooog
gooooboobOoooooboooooooooa
gooooooooooboobobooooooooao
oooobooooobooboobooboooooboooo
gooooboooooocoooooooooon
gl1200000000000b0000o0o0000
oobO0oooooooooodnd 130msecO 0000

O0130msecO0 00000000 OO0OOODOOOO

gooooobooooooooobooooooboobooo
goooooooooooooooboboooooobo
gobodooooobooboooobobobooooog
gobooi1ooooooooooooon
giloooooooooooobooooooon
gooooooooooobocooboooobooooo
goooobobooooooooooooboooooo
goooooooooobooooooooooboooon
gboooOoooobo1200000000130msectd

gooooooooooboboooooobooooooa
goooooooboobooooooooboooboboooo

gobooooboooooooooboobooobooooo
gooobooooooooooboooooooon
goooooooooooooooboooooooo
ooogooog

ubObO0o0o 2000000000000:0
glotcooboobbooooboooooooboooo
goooooooobooobooboobooobooobooo
goobooooooooooooobooobooobooon
goooooooooooooboboobooooo
goooooooooboooboobooboooobooooo
gooooooooooooooooboooboooo

gooooooooooooboooooooogoo
gooooodooboooooooooboboooooood

goooobooooooooobooooobooooo
uooobooooooobooooooooooooon
gooobocdooooooooboOooooooboDboo
goooooooooooboooobOoobooOooboooon
gboooooooboooobooooooooooooo
gbooooooo

018 0O00O0OoooOoo
Fig. 13 Example of multiplayer application.
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